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Objective
To develop a new laboratory exercise for 3rd
and 4th year inorganic chemistry students 
wherein synthesis, catalysis, and 




or Wilkinson’s Catalyst , is commonly used 
for homogeneous catalysis in the 
hydrogenation of alkenes.
• Alkene hydrogenation has many uses in a 
synthetic chemistry laboratory. However, 
the reaction is also prominent in the food 
industry with hydrogenated oils and has 
applications in the energy sector with coal 
liquefication.
• Carrying out synthesis, characterization, 
and test reactions in an NMR tube is a 
technique often employed in graduate 
school and in industrial labs, however, it is 
rarely used at the undergraduate level. 
Developing a lab which gives students 
experience with this technique can help 
prepare them for graduate school and work 
in industrial labs.
• The synthesis and catalysis was carried 
out in it’s entirety in one J. Young NMR 
Tube, and characterization was 
accomplished using 1H NMR spectroscopy.
Results
A new laboratory exercise was successfully developed. The spectra clearly 
show the generation of cyclohexane over time which is the key indicator of 
success.
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Future Work
• Develop a method for real time NMR analysis of 
the hydrogenation of cyclohexene
• Experiment with a variety of alkenes
• Further reduce the reagent quantities used to 
promote green chemistry
• Further optimize the method of hydrogen bubbling 
to avoid product and solvent loss
• Teach this lab to 3rd year students in the Winter 
2021 semester
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Figure 1. RhCl(PPh3)3 or Wilkinson’s 
Catalyst 
Figure 2. Bright red crystals 
of  Wilkinson’s Catalyst
Experimental
• Charge J. Young NMR tube with 4 mg of RhCl3 • 
3H2O and 40 mg of PPh3
• Add 3 mL anhydrous ethanol
• Reflux for 25 min, with the tube sealed, in an oil 
bath on low heat
• Remove from heat, allow crystals to settle. Decant 
ethanol; dry crystals in oven at 100 ºC for 10 min.
• Remove from oven, cool in desiccator.
• Add 4 mL of CDCl3 and saturate solvent with H2
gas.
• Add 2.1 μL of cyclohexene and immediately seal 
and take a 1H NMR spectrum.
• Bubble H2 gas through solution for 10 min. Take 
another 1H NMR spectrum. Repeat this step once 
more.
Wilkinson’s Catalyst is a 16-
electron complex that takes
on a distorted square planar
geometry. Notable steps in
this mechanism start with
an initial ligand dissociation
to generate the 14 electron
active catalyst which is able
to activate molecular
hydrogen to produce a
dihydride complex.
Evidence of this dihydride is
visible by 1H NMR
spectroscopy (two peaks at ~




elimination step in which
cyclohexane is produced
and the 14 electron active
catalyst regenerated.
Figure 4. 1H NMR spectra for cyclohexane (left) and cyclohexene (right) obtained with a Bruker 500 MHz NMR 
spectrometer
Figure 5. 1H NMR spectra for cyclohexene and Wilkinson’s Catalyst in CDCl3 saturated with H2 immediately after 
cyclohexene addition (left) and after several minutes of bubbling hydrogen gas through (right)
Figure 3. The catalytic cycle for the hydrogenation of cyclohexene 
by Wilkinson’s Catalyst3
